Abstract: Although CO2 and H2O exchange rates are often measured in experiments as indicators of 12 physiological plant responses these "gas exchange" measurements are prone to large experimental error.
13
Gas exchange equipment and technology have improved greatly over the past two decades which supports 14 scrutinizing current issues of experimental error in measuring plant photosynthesis and stomatal 15
conductance. This report shows results of a greenhouse experiment with the goal of identifying lessor 16 understood sources of experimental error and variation in measurements with the LI-COR 6400XT gas 17 exchange system. A variety of plant types were used to encompass differing species variation. We found 18 significant sources of experimental error in 1) the time for initial adjustment when placing a leaf in the 19 leaf chamber 2) the time-of-day when measuring 3) leaf age 4) having the chamber window full vs. 20 partially full with leaf tissue 5) using a leaf chamber environment that greatly diverges from the whole 21 plant environment 6) differing degree of experimental error depending upon plant species. A situation 22
with multiple contributors to error would result in useless gas-exchange data. Recommendations for 23 minimizing these experimental errors are given. factors that contribute to error. To some degree each researcher must identify and minimize 32 these issues. This report shows results of a greenhouse experiment with the goal of identifying chamber surrounding the leaf (i.e., block) was adjusted to keep leaf temperature confined to a 98 narrow range. Generally, measurements needed to be taken within a short time window during 99 each day. Considering that equilibration times were often significant, this usually allowed for 100 only one measurement per species on each day.
102
Trial one: How long does it take to achieve equilibration after changing leaf chamber conditions 103 to each of light, CO2, humidity and temperature? Unfortunately, Western wheatgrass plants were 104 quite small when other species were ready to measure and therefore were not included in trial 105 one. All plants were well watered. Measurements were performed from about 1000 to 1400 106 hours, bracketing mid-day (preliminary tests showed that Maize was slow to reach daily peak gas 107 exchange rates and therefore Maize was always measured last Gs response to doubling CO2 was marked and quickly detected ( Figure 1B where Gs exhibited a slow and erratic equilibration. Stomatal changes to vapor pressure may be 154 particularly slow (Turner et al. 1984) . VelvetLeaf also seemed to be affected by a change in flow 155 rate, which in theory is completed adjusted for in the calculations. as in well-watered plants, suggesting that we did not achieve the desired water stress, and 164 therefore we do not report data for these species here. Figure 2D ).
182
Although we have a limited dataset, it appears that plants subjected to mild water-stress will 183 equilibrate to changes in leaf chamber environment in a similar way as well-watered plants. Western wheatgrass using the LiCor 6400XT gas exchange system.
Results:
Assimilation decreased late in the photoperiod for all species but there were differences 198 among species (Figure 3) . Maize A did not decrease until about 10 hours into the photoperiod
199
( Figure 3A) . Maize also did not achieve peak A until after 0900 hour. Pea assimilation decreased and Western wheatgrass using the LiCor 6400XT gas exchange system.
206
Stomatal conductance rates over the photoperiod were less consistent than assimilation ( Figure   207 4). Pea Gs behaved similarly to A with a strong decline about 10 hours into the photoperiod
208
( Figure 4B ), however other species had more erratic Gs rates. The striking finding was that Gs of For Maize, a large leaf was chosen that filled the entire chamber (6 cm 2 ). This leaf was allowed 238 to fully equilibrate, and A and Gs were recorded. Then, a slit was made along the length of the 239 leaf to create a more narrow section of leaf, which was then quickly returned to the chamber. The and the growth chamber conditions were altered under steady 6400XT leaf chamber conditions.
267
The starting growth chamber conditions were 25C, 30% RH, 400 μmol m -2 s -1 PAR and 420ppm
268
CO2. These starting conditions were changed to 35 °C, 80% RH, 800 μmol m -2 s -1 PAR, zero 269 PAR (lights off), and 750 ppm CO2. Note that these manipulations were not always in the same 270 order for each species, although we do not expect this affect the responses. 6400XT leaf 271 chamber conditions were 25C, 30% RH, 1000 PAR and 420 CO2 and were unaltered.
272
Because the growth chamber had to be closed during these tests, the 6400XT console was Western wheatgrass and Velvetleaf using the LiCor 6400XT gas exchange system. temperature of the whole plant; both A and Gs increased even though the leaf chamber 285 temperature remained at 25C ( Figure 7A ). Maize also exhibited a small but temporary response 286 to both increasing and decreasing the light on the whole plant. There was no effect of whole 287 plant CO2 environment, nor to increasing the relative humidity.
288
Pea leaves had an especially strong and positive Gs response to an increase in whole plant 289 temperature (note Y axis range), however this response was temporary ( Figure 7B) conductance in response to increasing whole plant temperature ( Figure 7C ). There was little 295 effect of changing whole plant PAR, CO2 nor RH.
296
Assimilation in VelvetLeaf declined slightly in response to higher [CO2] and higher whole plant 297 temperature, however, there was much variation in these measurements ( Figure 7D ). high variability in gas exchange data. 
